Objective. To describe a practical approach for the diagnosis and treatment of thoracic zygapophyseal joint pain and to present preliminary clinical data on the effects of this treatment approach on healthrelated quality of life.
Methods. We describe a method of radiofrequency denervation of thoracic zygapophyseal joints. We compared health-related quality of life between patients who underwent radiofrequency denervation of thoracic zygapophyseal joints and patients who underwent radiofrequency denervation for lumbar and cervical zygapophyseal joint pain.
Results. Treatment according to the Spine Intervention Society Guidelines was performed on the lumbar region in 178 patients and in the cervical region in 55 patients. Another 82 patients were treated in the thoracic region with our proposed technique. A survival plot of improvements in health-related quality of life revealed that all three treatments were effective in 65% or more of patients. The improvement in health-related quality of life was maintained for 12 or more months after treatment in 47% to 51% of patients.
Conclusions. Our results suggest that radiofrequency denervation of thoracic zygapophyseal joint pain is as effective as radiofrequency denervation, the standard treatment, for lumbar and cervical zygapophyseal joint pain. If these results can be confirmed by other centers, radiofrequency denervation is likely to become more widely available for the treatment of thoracic zygapophyseal joint pain.
Introduction
The zygapophyseal joints at all levels (cervical, thoracic, and lumbar) are important generators of spinal pain [1] [2] [3] [4] [5] [6] . There are several established methods for the diagnosis of and radiofrequency denervation treatment of zygapophyseal joint pain in the cervical and lumbar regions [1, [7] [8] [9] [10] [11] [12] . However, significant interindividual and interlevel variation has been found in the innervation of thoracic zygapophyseal joints [9, 13] . This makes it more difficult to apply diagnostic blocks or perform radiofrequency denervation of thoracic zygapophyseal joints than cervical and lumbar zygapophyseal joints [14] . Therefore, for the last 10 years, we have used a technique involving double-injection of a local anesthetic at each level and creating multiple lesions on each nerve when performing radiofrequency denervation. This article describes the approach we have used at our specialist pain center, and we report the effects of the diagnostic and treatment method on health-related quality of life in patients with thoracic zygapophyseal joint pain. We also compared the outcomes of these patients with those of patients with lumbar and cervical zygapophyseal joint pain, which was treated by radiofrequency denervation according to the Spine Intervention Society guidelines [9] .
Innervation of the Zygapophyseal Joints
The zygapophyseal joints in the cervical and lumbar region are innervated by the medial branches from the dorsal ramus [11, 15] . The interindividual anatomical variation is limited, forming a basis for both diagnostic nerve blocks and radiofrequency denervation of these regions of the spine [9] . However, in the thoracic region, the dorsal ramus divides into lateral, medial, and descending branches [16] . Some studies have revealed that the medial branches innervate the zygapophyseal joint [13] , while others showed that the descending branches innervate the zygapophyseal joints [16] . Significant interindividual and intraindividual variability was reported in this region [9, 13] . The descending branches are located in the medial cranial borders of the transverse processes, and the medial branches bend caudally and medially close to the lateral tip of the transverse process [13, 16] .
Objective
To describe a practical approach for the diagnosis and treatment of thoracic zygapophyseal joint pain and to present preliminary clinical data on the effects of this treatment approach on health-related quality of life.
Methods

Diagnostic Method
Thoracic zygapophyseal joint nerve blocks (ZNB) were achieved by injecting bupivacaine (5 mg/mL) [9] . The needle was inserted until it touched the bone at the medial part of the transverse process, and the tip of the needle was redirected in a cranial direction until it was aligned ventrally to the transverse process. Then, 0.6 mL of bupivacaine was injected. The needle was withdrawn, redirected laterally, and advanced until it touched the transverse process at the lateral cranial border. Then, it was moved until it was positioned along the ventral line of the process, and another 0.3 mL of bupivacaine was injected (Figure 1 ). The patients recorded their pain level hourly for the next seven hours. If pain relief of 80% or more was achieved with two or more ZNBs at the same level and four or fewer nerves were involved, the patient was diagnosed with zygapophyseal joint pain and was considered for radiofrequency denervation.
Cervical and lumbar medial branch blocks (MBBs) were performed using a method similar to that described in the Spine Intervention Society (SIS) guidelines [9] ; 1 mL of bupivacaine (5 mg/mL) was injected adjacent to each nerve, and the patient recorded their pain level every hour for seven hours. If pain relief of 80% or more was achieved with two or more MBBs at the same level and if four or fewer nerves were involved, the patient was diagnosed with zygapophyseal joint pain and was considered for radiofrequency denervation.
Radiofrequency Denervation
After anesthetizing the skin and the medial branches, radiofrequency denervation was performed by positioning the needle medially, like when performing the ZNBs. The needle (18 G, 10 mm active tip) was heated to 80 C for 60 seconds. Then the needle was withdrawn, redirected, and positioned slightly laterally to the previous position. If the temperature at the new position was greater than 60 C, the needle was repositioned in a lateral direction. If the temperature was less than 45 C, the needle was repositioned in a medial direction. Then a new lesion was made. The procedure was repeated until the lateral-cranial tip of the transverse process was reached. Then next nerve was treated in a similar manner. It was necessary to make three to 15 lesions to cover the intended area on each nerve ( Figure 2 ).
Radiofrequency denervation of the medial branches in the cervical and lumbar region was performed according to established guidelines by placing the needles parallel to the nerves [9] . Multiple parallel lesions were applied to each nerve in this region. But, because the target area was smaller, only three to five lesions were made at each location. 
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If patients experienced pain in more than one part of the spinal column, they were eligible for further diagnostic procedures and denervation at three months after the first denervation. Only data from the first denervation and follow-up visits within one year after the first denervation were included in the present analyses.
Because nerves were treated from the level of C2 to L5, it was necessary to define the cervical, thoracic, and lumbar regions. Branches C2 to C7 were usually treated with the patient in a lateral position, while branches at C8 and lower were treated with the patient in the prone position. Accordingly, the thoracic region was defined as the medial branches C8 and lower. Medial branch Th11 was chosen as the second dividing line, and medial branches Th11 and lower were defined as lumbar branches.
Validation of the Treatment Method
The technique was validated by comparing data from the first radiofrequency treatments performed on patients and the impact of treatment on health-related quality of life. All data were collected prospectively. Patients were divided into groups according to whether the treatment was applied to the cervical, thoracic, or lumbar region.
Setting
The study was performed at a specialist outpatient pain clinic in Sweden.
Participants
Patients were referred to our clinic from 13 of 23 counties in Sweden. At their first visit, the patients were informed about the project and gave informed consent to be included in the research. Between January 1, 2010, and December 19, 2016, patients undergoing radiofrequency denervation for cervical, thoracic, or lumbar pain were invited to participate in an observational study. Patients were included in the present analyses if they had zygapophyseal joint pain, as determined by at least two tests with a reduction in pain of 80% or more under local anesthesia. Patients were excluded from the analyses if they had previously undergone radiofrequency denervation or if it was not possible to collect follow-up data three or more months after radiofrequency denervation.
Health-Related Quality of Life
Health-related quality of life was measured using the validated EQ-5D instrument [17] , which consists of five questions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each question has three responses: no problems, moderate problems, and extreme problems [17, 18] . These five questions and three values form 243 possible health conditions, which can be converted into a single value using the UK values-score formula [19, 20] . There is no generally accepted, smallest clinically important change in EQ-5D index score [21] . For example, reductions of 0.08 to 0.12 were considered clinically relevant when describing how different chronic diseases affect the score [21, 22] while an increase of 0.35 was deemed clinically significant when differentiating patients who have undergone surgery [23] . Using data from the Swedish National Register of Pain Rehabilitation, an improvement of 0.1 was considered clinically significant [24] . The mean EQ-5D index scores for women and men in a Swedish population were 0.797 and 0.841, respectively [25] . Among patients participating in pain rehabilitation programs, the mean score was 0.25 (SD ¼ 0.308) before and 0.39 (SD ¼ 0.328) after the program [26] . In the present study, the EQ-5D was completed at the first visit, on the day of radiofrequency denervation, and at three, six, and 12 months after denervation.
Statistical Analysis
Descriptive data, including the mean and standard deviation, were calculated for all variables. Age, gender, and pain duration were compared using Tukey-Kramer. For each patient, their EQ-5D index score at the time of their first radiofrequency denervation was compared with their EQ-5D index score at the follow-up visit. The treatment was considered successful if the EQ-5D index score improved by more than 0.1. This was used as marker for successful treatment. As some patients, regardless of their improvement, continued to more diagnostic tests and radiofrequency denervation at another level during the follow-up time, repeated radiofrequency denervation was added as a marker for failure. Successful treatments were used in a survival plot for up to 12 months after the first radiofrequency denervation [26] . Survival plots were compared using the logrank test. Missing data were handled by backwards extrapolation of data from a later period. All analyses were 
Ethical Consideration
We obtained ethical approval from the regional ethics board in Umeå , Sweden (Dnr 2012-446-31M). All patients provided informed consent for inclusion in the study.
Results
Overall, 432 patients who underwent 850 procedures consented to participate, and 117 were excluded because they had previously been treated or were unreachable for follow-up. Of the eligible patients, 63% (N ¼ 200) were women and 37% (N ¼ 115) were men. The mean age was 52 years (range ¼ 17-89 years, SD ¼ 15.5 months), and the mean duration of pain before treatment was 121 months (range ¼ 2-744 months, SD ¼ 119.6 years) ( Table 1) . During the study, 315 patients were diagnosed with zygapophyseal joint pain and underwent treatment for the first time. In age, gender, and duration of pain, no significant differences were found among the three groups of patients divided according to the site of zygapophyseal joint pain (i.e., cervical, thoracic, and lumbar) ( Table 1) . Table 2 lists the EQ-5D scores at the first radiofrequency denervation for patients with successful treatment. The improvement in health-related quality of life was similar in all three groups, and there was no significant difference in the amount of patients that had successful outcomes.
The survival plot for up to one year after the first radiofrequency denervation showed no significant difference between the groups (Figure 3) . Failure in the plot was determined both by repeated radiofrequency denervation and by lack of improvement in the EQ-5D index. The percentages of successful patients after 12 months were 49% in the thoracic group, 51% in the cervical group, and 47% in the lumbar group. The results support the hypothesis that radiofrequency denervation to treat thoracic zygapophyseal joint pain is as effective as the standard methods used to treat cervical and lumbar zygapophyseal joint pain.
Discussion
This was a nonrandomized study and did not include a placebo-treated control group. Therefore, it might be argued that the results lack validity. However, randomized controlled studies in this field are difficult and demanding. Therefore, in order to gather evidence supporting Values are presented as the mean (range). There was no significant difference in age or pain duration between the groups. Table 2 EQ-5D scores in successfully treated patients at different times after the first radiofrequency denervation Site EQ-5D score at RF EQ-5D score at 3 mo after RF EQ-5D score at 6 mo after RF EQ-5D score at 12 mo after RF 
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clinical interventions, we must rely on well-designed, properly conducted observational studies [27] . By performing our study in routine clinical settings and focusing on health-related quality of life, not pain, the results should indicate the outcomes likely to be observed in ordinary clinical practice.
Despite the limitations of observational studies, our results suggest that the methods used for the diagnosis and treatment of zygapophyseal joint pain are valid. The number of successfully treated patients in the thoracic group was at least as high as that in the lumbar and cervical groups.
We did not use formal measurements of pain (such as visual analog scales or numeric rating scales) as end points in the study. During the follow-up, we instead focused on global health-related quality of life, measured using the EQ-5D. Patients often describe how they cope with pain in terms of the balance between how much pain they can handle, how active they are, and how much medication they take. Accordingly, if the treatment reduced the severity of pain, the patient might increase the level of activity and use fewer painkillers until pain increases to a similar level to that reported before treatment. For this reason, we think that it is inappropriate to use the severity of pain as an end point. The patients were only required to quantify the severity of pain after the tests in order to be included in the study.
When using clinical data, the possibility of bias might be greater than in experimental studies due to the difficulty of controlling clinical data. Some patients cannot be contacted by telephone follow-ups, and some patients have more widespread pain and therefore require help with managing pain in multiple regions. Consequently, there is attrition in the number of patients with follow-up data. However, we only included data from the first radiofrequency denervation. Here, we defined "successful" treatment at each follow-up as an improvement in the EQ-5D index of more than 0.1 from the value at the time of the first radiofrequency denervation and the patient did not undergo additional radiofrequency denervations. In this way, the treatment was considered unsuccessful in patients who experienced an improvement in EQ-5D after initial treatment at one level but then experienced pain at another level and received additional treatment for that level because the subsequent EQ-5D data were influenced by the second treatment.
Not all patients benefit from their pain management strategies. For example, in the Swedish National Pain Rehabilitation Register, 41% of patients experienced a benefit and 39% reported worsening of health-related quality of life after the rehabilitation program [26] . However, this study shows that a large proportion of patients experiencing pain of spinal origin could benefit from treatment, even though they had suffered from spinal pain for decades before undergoing treatment.
Finally, the diagnostic and treatment methods used here need to be tested in other clinics in order to verify our results and encourage their use in clinical practice. 
